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Abstract 
Purpose: To investigate the effect of Allium sativum (garlic) methanol extract on viability and apoptosis 
of human leukemic cells.  
Methods: Cell viability was determined using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay at concentrations of 3.125, 6.25, 12.5, 25, 50, 100, 200, 400 and 800 ug/mL of 
Allium sativum extract following 48-h treatment on U-937, Jurkat Clone E6-1 and K-562 cell lines. The 
mode of cell death was determined by Annexin V-FITC staining and analyzed by flow cytometry. 
Results: The results show that the half-maximal inhibitory concentration (IC50) of A. sativum on U-937, 
Jurkat Clone E6-1, K-562 cell lines was 105 ± 2.21, 489 ± 4.51 and 455 ± 3.13 µg/mL, respectively, 
compared with negative control, while apoptosis was 17.93 ± 0.95 % for U-937 cells (p ≤ 0.05), 38.37 ± 
1.88 % for Jurkat Clone E6-1 cells (p ≤ 0.001) and 16.37 ± 1.10 % for K-562 cells. A majority of the cells 
were inhibited by the extract via apoptosis. Only U-937 cells (6.87 ± 0.65 %) showed significant necrosis 
compared to negative control (p ≤ 0.05). 
Conclusion: K-562 cells are the most resistant against garlic extract, in contrast to Jurkat Clone E6-1 
cells. Garlic extract does not induce necrosis in Jurkat Clone E6-1 and K-562 cells. 
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Each year there are about 351 000 new cases of 
leukemia worldwide which represent 2.8 % of all 
cancers and 3.4 % of deaths from cancer [1].  
Although there are various clinical therapies such 
as bone marrow transplant, radiotherapy and 
chemotherapy used to treat leukemia patients, 
most treatments are not yet satisfactory as 
severe side effects are still observed. So far, the 
best strategy for killing leukemia cells is through 
the induction of apoptosis cancer cells [2]. The 
use of natural agents such as vincristine and 
vinblastine (Vinca alkaloid) or synthetic 
compounds may restrict or prevent the 
development of invasive cancer. Therefore, 
phytochemicals become an increasingly 
important source since they have the potential to 
inhibit tumor formation at all levels [3].   
 
Allium sativum, also known as garlic, plays an 
important role in the reduction of the prevalence 
of cancer [4]. It has various pharmacological 
activities including antimicrobial, antihyperlipi-
demic, antithrombotic and anticancer effects [5]. 
Garlic and its organic allyl sulfur components 
such as diallyl sulfide (DAS), diallyl disulfide 
(DADS) and diallyl trisulfide (DATS) can inhibit 
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carcinogenesis process and effectively reduce 
chemotherapeutic toxicities [6]. Choi and Park, 
[5] showed that DATS-induced apoptosis was 
correlated with down-regulation of Bcl-2, XIAP, 
and cIAP-1 protein levels, cleavage of Bid 
proteins, activation of caspases, and collapse of 
mitochondrial membrane potential. Furthermore 
the cytotoxicity effect caused by DATS is 
mediated by generation of ROS and subsequent 
activation of the ROS-dependent caspase 
pathway in U937 leukemia cells.  Even though 
some studies for the active compounds of A. 
sativum has been carried out, the effect of the 
extract on leukemic cells was not well 
established. 
 
The objective of this study was to determine the 
effects of garlic methanolic extract on viability 
and apoptosis of human leukemic cell lines; U-




Chemicals and reagents 
 
Chemicals used in this study included GibcoTM 
Roswell Park Memorial Institute (RPMI) Medium 
1640 (Life Technologies, USA), GibcoTM 
Iscove’s Modified Dulbecco’s Medium (IMDM) 
(Life Technologies, USA), GibcoTM Fetal Bovine 
Serum (FBS) (Life Technologies, USA), Penicillin 
Streptomycin Antibiotic (Amresco, USA), trypan 
blue solution 0.4 % (Sigma-Aldrich, USA), 
thiazolyl blue tetrazolium bromide methyl 
thiazolyldiphenyl-tetrazolium bromide (MTT) 
reagent powder (Sigma-Aldrich, USA). GibcoTM 
Synth-a-Freeze® cryopreservation medium (Life 
Technologies, USA) and Annexin V-FITC 
apoptosis detection kit (Sigma-Aldrich, USA). 
 
Plant material and extraction 
 
Allium sativum (AS), (herbarium voucher 
number: UKM-B 30093), was purchased from 
Kuala Lumpur, Malaysia and then dried at room 
temperature (30 oC). In the extraction process, 
the dried AS was milled into coarse powder using 
a mechanical grinder then maceration was 
carried out by soaking the AS in 99.5 % 
methanol with a ratio of 1:5 for three days at 
room temperature with occasional shaking. After 
the extraction was completed, filtration was 
carried out and the filtrate was concentrated 
using rotatory evaporator at 40 °C to yield 
methanol extract of AS. The residue was 
macerated twice. Lastly, the AS extracts were 





U-937 human leukemic monocyte lymphoma cell 
line with catalog number ATCC® CRL­1593.2™, 
Jurkat, Clone E6-1 human acute T cell leukemia 
cell line and K-562 human chronic myelogenous 
leukemia cell line with catalog number of ATCC® 
TIB­152™ and ATCC® CCL­243™ respectively 
were purchased from the American Type Culture 
Collection (ATCC), USA. Both U-937 and Jurkat 
Clone E6-1 cells were cultured in the complete 
RPMI 1640 media while K-562 cells were 
cultured in the complete IMDM with an addition 
of 50 mL fetal bovine serum and 5 mL 100 X 
Penicillin Streptomycin. The cells were incubated 
in a high humidity (95 %) atmosphere at a 




After the cells were treated with AS extract for 48 
hours, 20 µL of MTT solution was added into 
each well. The MTT assay procedure was 
performed as described by Wang et al and 
Scherlie [7,8]. Then, the 96 well plates were 
incubated for 4 h at 37 ºC and 5 % CO2. After 4 
hours incubation, 150 µL of media in all the wells 
were removed and 150 µL of dimethyl sulfoxide 
(DMSO) was added then incubated further for 10 
min. Absorbance at 565 nm was read using a 
microplate reader (Infinite® 200 Pro, Tecan, 
Switzerland) [9]. Cell viability was calculated as 
in Eq1. 
 
Cell viability (%) = {(At – Ab)/(Ac – Ab)}100 ... (1) 
 
where At, Ab and Ac are the absorbance of 
treated, blank and negative control samples, 
respectively. A graph of cell viability (%) versus 
concentration of treatment solution was plotted 
and IC50 was determined from the graph.  
 
Apoptotic assay  
 
Annexin V FITC staining was carried out to 
determine the mode of cell death for U-937, 
Jurkat Clone E6-1 and K-562 cells after 
treatment with the AS extract. Staining for 
apoptotic determination was performed as 
described by Hodge et al and Vermes et al 
[10,11]. A total of 2 mL of cell suspension was 
seeded in each well of the 6 well plate at a 
concentration of 5 x 105 cells/mL and were 
treated with extract at concentrations of 200 
µg/mL and 40 µL of serum free media was added 
to the wells then mixed uniformly. Next, the cell 
morphology was observed under an inverted 
microscope and the 6 well plate was incubated in 
CO2 for 48 h. After incubation, the cells were 
stained using Annexin V-FITC and 10 µL of 50 
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µg/mL propidium iodide solution was added and 
homogenized. Lastly, the mode of cell death was 
analyzed using flow cytometry, model BD 




GraphPad Prism 5 was used to analyze the data 
obtained. Cell inhibition data from MTT assay, 
and apoptotic and necrotic cells in Annexin V 
FITC staining are expressed as mean ± standard 
error mean (SEM, n = 3). One-way ANOVA with 
Tukey’s Post Hoc test was used to test 





Effect of garlic extract on U-937, Jurkat Clone 
E6-1 and K-562 cell lines 
 
After exposure to garlic extract for 48 hours, 
percentage inhibition of viability of U-937 cells 
increased at increasing concentration. Referring 
to Figure 1, percentage of cell viability inhibition 
at concentration 50 µg/mL was 34.08 ± 7.11 % 
and result showed significant difference (p ≤ 
0.01) as compared to negative control. At 
concentrations 100 µg/mL, 200 µg/mL, 400 
µg/mL and 800 µg/mL, the percentage of cell 
viability inhibition increased as concentration 
increased, those were 49.3 ± 3.51, 64.9 ± 9.81, 
78.39 ± 1.38 and 93.29 ± 1.98 %. The increasing 
percentage of cell inhibition was significantly 
different (p ≤ 0.001) when compared with the 
negative control. Table 1 showed that the IC50 of 
garlic extract on U-937 cells was 105.00 ± 2.21 
µg/mL. The cell viability inhibition presented in a 
concentration-dependent manner. 
 
Viability of Jurkat Clone E6-1 cell line was 
reduced as concentration increased. Referring to 
Figure 2, percentage of cell viability inhibition at 
concentration 50 and 100 µg/mL were 13.53 ± 
1.69 and 15.34 ± 0.86 %, respectively. The 
percentage of cell viability inhibition was 
significantly different (p ≤ 0.01) as compared with 
negative control. At concentrations 200, 400 and 
800 µg/mL, the percentage of cell viability 
inhibition were 18.72 ± 1.97, 43.55 ± 4.37 and 
73.15 ± 2.97 %. The increased percentage 
inhibition of cell viability showed significant 
difference (p ≤ 0.001) as compared with the 
negative control. Table 1 showed that the IC50 of 
garlic extract on Jurkat Clone E6-1 cells was 489 
± 4.51 µg/mL. The cell viability inhibition 
presented in a concentration-dependent manner. 
 
The same pattern with reduced percentage of 
viability of K562 cell line was observed as 
concentration increased. Referring to Figure 3, 
percentage of cell viability inhibition at 
concentration 100 µg/mL was 22.7 ± 3.97 % and 
the result showed a significant difference (p ≤ 
0.01) as compared to the negative control. At 
concentration 200, 400 and 800 µg/mL, the 
percentage of cell viability inhibition were 23.06 ± 
4.33, 45.9 ± 4.48 and 69.26 ± 4.71 %. The 
increased percentage of cell inhibition showed a 
significant difference (p ≤ 0.001) as compared 
with the negative control. Table 1 showed that 
the IC50 of garlic extract on Jurkat Clone E6-1 
cells was 455 ± 3.13 µg/mL. The inhibition of cell 




Figure 1: Inhibition of U-937 cell viability treated with garlic extract at increasing concentration. All the columns 
show the mean ± SEM (n = 3); **statistically significant difference with negative control (0 µg/mL, p 0.01); *** 
significantly different from negative control (0 µg/mL, p  0.001) 
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Figure 2: Inhibition of Jurkat Clone E6-1 cell viability treated with garlic extract at increasing concentration. All 
the columns show the mean ± SEM for 3 independent experiments (n = 3). ** Statistically significant difference 





Figure 3: Inhibition of K-562 cell viability treated with garlic extract at increasing concentration. All the columns 
show the mean ± SEM (n = 3); **significantly different from negative control (p 0.01); *** significant different from 
negative control p0.001. 
 
Table 1: IC50 of garlic extract on U-937, Jurkat Clone 
E6-1 and K-562 cells 
 
Cell line IC50 (µg/mL) 
U-937 105±2.21 
Jurkat Clone E6-1 489±4.51 
K-562 455±3.13 
 
Mode of cell death of U-937, Jurkat Clone E6-
1 and K-562 cell lines 
 
The mode of cell death was measured in 
Annexin V FITC staining test using flow 
cytometry. After exposure to 200 µg/mL of garlic 
extract for 48 hours, most of the inhibition of U-
937 cell line underwent apoptosis. Referring to 
Table 2, 17.93 ± 0.95 % of cells underwent 
apoptosis whereas 6.87 ± 0.65 % of cells 
underwent necrosis. The result was significantly 
different (p ≤ 0.05) when compared with the 
negative control. 
 
After exposure to 200 µg/mL of garlic extract for 
48 h, most of the inhibition of Jurkat Clone E6-1 
cell line underwent apoptosis as well. Table 2 
showed 38.37 ± 1.88 % of cells that underwent 
apoptosis was significantly different (p ≤ 0.001) 
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when compared to negative control and not 
significantly different when compared to the 
negative control for the number of necrotic cells 
(4.23 ± 0.12 %) induced by AS extract.   
 
Referring to Table 2, after exposure to 200 
µg/mL of garlic extract for 48 h, majority of K-562 
cell line decreased in viability non-significantly 
compared to the negative control. The number of 
cells which underwent apoptosis (16.37 ± 1.10 
%) and necrosis (1.13 ± 0.33 %) were also not 
significant compared with negative control (12.13 
± 0.72 %) and (0.93 ± 0.15 %) respectively. 
 
 
Table 2: Viable, apoptotic and necrotic cells treated with garlic extract at a concentration of 200 µg/mL 
 
Cell line Treatment Viable cells, Q3(%, 
± SEM) 
Apoptotic cells, Q2+Q4 
(%, ± SEM) 
Necrotic cells, 
Q1 (%, ± SEM) 
U937 Negative control  90.90±0.42 6.87±0.28 2.27±0.29 
 Garlic extract  77.80±1.29*** 17.93±0.95* 6.87±0.65* 
Jurkat Negative control  78.33±1.84 19.30±2.00 2.37±0.22 
Clone E6-
1 
Garlic extract  
 
57.40±1.86*** 38.37±1.88*** 4.23±0.12 
K562 Negative control  86.87±0.78 12.13±0.72 0.93±0.15 
 Garlic extract  82.5±1.43 16.37±1.10 1.13±0.33 
Data are mean ± SEM (n = 3); * statistically significant difference from negative control (p  0.05); *** significant 




Figure 4: The trend and percentage of viable cells (Q3), early apoptotic cells (Q4), late apoptotic cells (Q2) and 
necrotic cells (Q1) on U937 (A and B), Jurkat Clone E6-1 (C and D) and K562 (E and F) cells either untreated (A, 
C and E) or treated with garlic extracts (B, D and F) 
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Chemoprevention refers to the use of non-toxic 
chemical substances to inhibit, delay or reverse 
cellular events associated with carcinogenesis is 
regarded as a promising alternative strategy to 
therapy for the management of cancer [13]. 
Thus, AS extract as used in this study to test for 
apoptotic activity on human leukemic cell lines.  
 
From this study, results showed that garlic 
extract produced in a concentration dependent 
manner a decrease in the optical density of U-
937, Jurkat Clone E6-1 and K-562 cell lines in 
MTT assay. Some studies also showed that 
DATS in garlic extract induced a decrease in cell 
viability in a dose- and time-dependent manner in 
HL-60, U-937, THP-1 and K-562 cells. U-937 
cells treated with 20 µM DATS for 24 and 48 h 
resulted in 53 % and 62 % inhibition respectively 
which was associated with many morphological 
changes [5].  The major physiological role of 
garlic are its antimicrobial, anticancer, 
antioxidant, immune boosting, antidiabetic, 
hepatoprotective, antifibrinolytic and antiplatelet 
activities and its potential role in preventing 
cardiovascular diseases [14]. Ajoene which is a 
chemical compound available in garlic is an 
allylic disulfide originally isolated from garlic 
extract has been shown to induce apoptosis in 
human leukemia cell lines [15]. Apart from that, 
Hassan [16] stated that ajoene can inhibit 
proliferation and induce apoptosis of several 
leukemia cells including HL-60, U-937, HEL and 
OCIM-1. Thus, from our study, the results 
showed that garlic extract inhibited the cell 
viability of U-937, Jurkat Clone E6-1 and K-562 
cells in a concentration dependent manner and 
was able to induce apoptosis in these cell lines.  
 
According to Herman-Antosiewicz and Shivendra 
[17], apoptosis is a tightly regulated process of 
cellular suicide which is implicated in 
development, tissue homeostasis and 
pathological conditions. The two major pathways 
mediating drug-induced apoptosis are initiated 
either from internal events within the cells’ 
mitochondria without the involvement of a 
receptor ligand system which is also known as 
the intrinsic pathway or at the cell surface of 
death receptor that is also known as the extrinsic 
pathway [15,17]. From this study, garlic extract 
mainly induced apoptosis in the human leukemic 
cell lines such as U-937 cells and Jurkat Clone 
E6-1 cells. Thus, based on Dirsch et al [15], the 
organosulfur compound, ajoene, is a promising 
experimental anti-leukemic agent since it 
selectively induces apoptosis in human 
promyeloleukemic cells. Furthermore, Ghosh et 
al [13] also stated that apoptosis has recently 
become a useful target in the management and 
therapy of cancer. From this study, all the 
leukemic cell lines tested mainly underwent 
apoptosis rather than necrosis, which implies that 
the AS extract may have a potential to act as a 
chemo-preventive agent in leukemic cells. 
 
According to Ritesh and Sanmati [18]. MTT 
assay is a well-established in vitro method for 
cytotoxicity against cancer and non-cancer cell 
lines. From this study, it was utilized to determine 
the selective activity of the extract. The cells 
were exposed to the different dilutions of the 
extract and their IC50 values were determined. 
From Ritesh and Sanmati [18], cytotoxic 
screening models provide important preliminary 
data to help in selecting potential antineoplastic 
properties from plant extracts for future work and 
it is of interest that the extracts of plants show 
cytotoxicity against cancer cell lines. In this 
study, the garlic extract showed cytotoxic effects 
to all the human leukemic cell lines tested and 
IC50 values were obtained for all the cell lines.  
 
Wu et al [19] stated that the chemopreventive 
effects of garlic constituents are due to the 
enhancement of the activity of specified mixed-
function oxidases that depress the activation of 
carcinogens. Induction of phase II enzymes will 
enhance detoxification and excretion of potential 
carcinogens and reduction of the formation of 
DNA adducts is one the chemopreventive 
mechanisms for garlic constituents. Furthermore, 
garlic constituents also can increase the 
synthesis of glutathione, an endogenous 
tripeptide thiol that directly protects the cells from 
damage by free radicals and lastly garlic 




Garlic extract has the potential to inhibit the cell 
viability of U-937, Jurkat Clone E6-1 and K-562 
cell lines. K-562 cells are the most resistant 
against garlic extract in contrast to Jurkat Clone 
E6-1 cells. Garlic extract does not induce 
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